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(54) Switching regulator 

(57) The present invention provides a switching reg- 
ulator : a switching circuit for switching a transmission of 
an input voltage to an output terminal ; a control circuit 
connected to the switching device for sending a control 
pulse signal to the switching circuit, so that the switching 
circuit switches the transmission of the input voltage on 



the basis of the control pulse signal ; and a pulse width 
varying circuit connected to the control circuit for vary- 
ing a pulse width of the control pulse signal from the 
control circuit. 
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Description 

[0001] The present invention relates to a switching 
regulator, and more particularly to a switching regulator 
suitable tor mobile devices such as mobile phones, and 
note-type personal computers. 

[0002] The requirements for size-down and weight 
reduction of mobile devices such as mobile phones, and 
note-type personal computers have been on the 
increase. In order to realize the above requirements, it is 
effective to reduce the number of batteries mounted on 
the mobile device and to use a power circuit provided 
therein, wherein a booster switching regulator is often 
used. For the power circuit using a series regulator, a 
voltage-down switching regulator may be used in view 
of a high efficiency. 

[0003] FIG. 1 is a circuit diagram illustrative of a first 
conventional switching regulator. FIG. 2 is a diagram 
illustrative of waveforms of j-point potential, f-point 
potential, d-point potential and g-point output of the first 
conventional switching regulator of FIG. 1 . The first con- 
ventional switching regulator is of a pulse width modula- 
tion system wherein in place of simple comparison of a 
reference voltage to a comparative voltage, a potential 
difference between the reference voltage and the com- 
parative voltage is amplified to obtain an amplified volt- 
age, so that the amplified voltage is then compared with 
an output voltage of a triangle waveform by use of a 
comparator, whereby ON-OFF operations of switching 
transistors are made in accordance with a result of an 
output from the comparator. 

[0004] Namely, the first conventional switching reg- 
ulator has the following circuit elements. A power 
source 14 is provided for supplying a reference voltage 
to the first conventional switching regulator. An error- 
amplifier 1 9 is provided which has two inputs connected 
to an f-point which is connected to the power source 14 
for receiving the reference voltage from the power 
source 14 and also connected to a d-point for receiving 
a comparative voltage, so that the error-amplifier 19 
amplifies a difference in potential between the f-point 
and the d-point namely between the reference voltage 
from the power source 14 and the comparative voltage 
at the d-point to generate an amplified potential differ- 
ence. A triangle-waveform generator 1 8 is also provided 
for generating a triangle waveform. The triangle -wave- 
form generator 18 is connected to an h-point. A compa- 
rator 12 is also provided which has two inputs 
connected through the h-point to the triangle-waveform 
generator 18 for receiving the triangle waveform from 
the triangle-waveform generator 18 and also connected 
through a j-point to an output from the error-amplifier 1 9 
for receiving the amplified potential difference from the 
error-amplifier 1 9, so that the comparator 12 compares 
the amplified potential difference with the triangle wave- 
fonm. The comparator 12 has an output terminal con- 
nected to a g-point. A series connection of a p-channel 
output switching transistor 10 and an n-channel output 



switching transistor 9 is provided between an input ter- 
minal INI and a ground line, wherein the p-channel out- 
put switching transistor 10 Is connected in series 
between the input terminal INI and the n-channel out- 

5 put switching transistor 9, whilst the n-channel output 
switching transistor 9 is connected in series between 
the ground line and the p-channel output switching tran- 
sistor 10. Gates of the p-channel output switching tran- 
sistor 10 and the n-channei output switching transistor 9 

w are connected through the g-point to the output terminal 
of the comparator 12. A k-point is a middle point 
between the p-channel output switching transistor 10 
and the n-channel output switching transistor 9, A coil 5 
is connected in series between the k-point and an out- 

75 put terminal OUT2. A load 3 is further provided which is 
connected between the output terminal OUT2 and the 
ground line, so that the load 3 is connected in series 
through the output terminal OUT2 to the coil 5. A capac- 
itor 4 is also provided which is connected between the 

20 output terminal OUT2 and the ground line, so that the 
capacitor 4 is connected in series through the coil 5 to 
the k-point and also connected in series through the 
output terminal OUT2 to the load 3. A series connection 
of first and second resistances 7 and 8 is also con- 

25 nected between the ground line and a middle point 
between the coil 5 and the output terminal OUT2, so 
that the series connection of first and second resist- 
ances 7 and 8 is connected through the output terminal 
OUT2 to the load 3 and also connected through the coil 

30 5 to the k-point. An intermediate point between the first 
and second resistances 7 and 8 is also connected 
through the d-point to the error-amplifier 1 9, so that the 
Intermediate point between the first and second resist- 
ances 7 and 8 supplies the comparative voltage to the 

35 error-amplifier 19. The first resistance 7 is connected 
between the second resistance and the intermediate 
point between the coil 5 and the output terminal OUT2, 
whilst the second resistance 8 is connected between 
the ground line and the first resistance 7. 

40 [0005] A potential difference between the reference 
voltage supplied through the f-point from the power 
source 14 and the comparative voltage supplied 
through the d-point from the Intermediate point between 
the first and second resistances 7 and 8 is amplified by 

45 the error amplifier 1 9 to obtain an amplified potential dif- 
ference, so that the amplified potential difference is then 
compared with the output voltage of the triangle wave- 
form supplied through the h-point from the triangle 
waveform generator 18 by the comparator 12, whereby 

50 ON-OFF operations of the p-channel and n-channel 
switching transistors 1 0 and 9 are made in accordance 
with a result of the output from the comparator 12, 
wherein a duty ratio of the output waveform at the g- 
point connected to the output tenninal of the compara- 

55 tor 12 is variable to realize a precise control thereof, 
whereby an output voltage with a smalt ripple appears 
at the output terminal OUT2. 

[0006] The above first conventional switching regu- 
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lator has the foliowing disadvantages. The triangle 
waveform generator 18 and the error-anrtplifier 19 are 
essential for the above first conventional switching reg- 
ulator Further, a protection circuit is also necessary 
when the h-point potential and the g-point potential are 
outside the comparable range. This means that it is dif- 
ficult to scale-down the circuit configuration of the first 
conventional switching regulator, and also that the cir- 
cuit configuration is complicated whereby the power 
consumption is large. The efficiency of the voltage 
transformation as the power source circuit is also dete- 
riorated. 

[0007] FIG. 3 is a circuit diagram illustrative of a 
second conventional switching regulator. The second 
conventional switching regulator is of a pulse frequency 
modulation system wherein in place of simple compari- 
son of a reference voltage to a comparative voltage, a 
potential difference between the reference vottage and 
the comparative voltage is amplified to obtain an ampli- 
fied voltage, so that the amplified voltage is then com- 
pared with an output voltage of a triangle waveform by 
use of a comparator, whereby ON-OFF operations of a 
single switching transistor are made in accordance with 
a result of an output from the comparator. 
[0008] Namely, the second conventional switching 
regulator has the following circuit elements. A power 
source 14 is provided for supplying a reference voltage 
to the first conventional switching regulator. An en-or- 
amplifier 19 is provided which has two inputs connected 
to an f-point which is connected to the power source 14 
for receiving the reference voltage from the power 
source 14 and also connected to a d-point for receiving 
a comparative voltage, so that the error-amplifier 19 
amplifies a difference in potential between the f-point 
and the d-point namely between the reference voltage 
from the power source 14 and the comparative voltage 
at the d-point to generate an amplified potential differ- 
ence. A triangle-waveform generator 1 8 is also provided 
for generating a triangle waveform. The triangle-wave- 
form generator 1 8 is connected to an h-point. A compa- 
rator 12 is also provided which has two inputs 
connected through the h-point to the triangle-waveform 
generator 18 for receiving the triangle waveform from 
the triangle-waveform generator 18 and also connected 
through a j-point to an output from the error-amplifier 1 9 
for receiving the amplified potential difference from the 
error-amplifier 1 9, so that the comparator 12 compares 
the amplified potential difference with the triangle wave- 
form. The comparator 12 has an output terminal con- 
nected to a g-point. A series connection of a coil 5 and 
an n-channel output switching transistor 9 is provided 
between an input terminal INI and a ground line, 
wherein the coil 5 is connected in series between the 
input temiinal INI and the n-channel output switching 
transistor 9, whilst the n-channel output switching tran- 
sistor 9 is connected in series between the ground line 
and the coil 5. A gates of the n-channel output switching 
transistor 9 is connected through the g-point to the out- 



put terminal of the comparator 12. A k-point is a middle 
point between the coil 5 and the n-channel output 
switching transistor 9. A diode 6 is connected in series 
between the k-point and an output terminal OUT2. A 

5 load 3 is further provided which is connected between 
the output terminal OUT2 and the ground line, so that 
the load 3 is connected in series through the output ter- 
minal OUT2 to the diode 6. A capacitor 4 is also pro- 
vided which is connected between the output terminal 

10 OUT2 and the ground line, so that the capacitor 4 is 
connected in series through the diode 6 to the k-point 
and also connected in series through the output termi- 
nal OUT2 to the load 3. A series connection of first and 
second resistances 7 and 8 is also connected between 

15 the ground line and a middle point between the diode 6 
and the output terminal OUT2, so that the series con- 
nection of first and second resistances 7 and 8 is con- 
nected through the output terminal OUT2 to the load 3 
and also connected through the diode 6 to the k-point. 

20 An intermediate point between the first and second 
resistances 7 and 8 is also connected through the d- 
point to the error-amplifier 19, so that the intermediate 
point between the first and second resistances 7 and 8 
supplies the comparative voltage to the error-amplifier 

25 1 9. The first resistance 7 is connected between the sec- 
ond resistance and the intermediate point between the 
diode 6 and the output terminal OUT2, whilst the sec- 
ond resistance 8 is connected between the ground line 
and the first resistance 7. 

30 [0009] A potential difference between the reference 
voltage supplied through the f-point from the power 
source 14 and the comparative voltage supplied 
through the d-point from the intermediate point between 
the first and second resistances 7 and 8 is amplified by 

35 the error amplifier 1 9 to obtain an amplified potential dif- 
ference, so that the amplified potential difference is then 
compared with the output voltage of the triangle wave- 
form supplied -through the h-point from the triangle 
waveform generator 18 by the comparator 12, whereby 

40 ON-OFF operations of the n-channel switching transis- 
tor 9 are made in accordance with a result of the output 
from the comparator 12, wherein a duty ratio of the out- 
put waveform at the g-point connected to the output ter- 
minal of the comparator 12 is variable to realize a 

45 precise control thereof, whereby an output voltage with 
a small ripple appears at the output terminal OUT2. 
[0010] The above second conventional switching 
regulator has the following disadvantages. The triangle 
waveform generator 18 and the error-amplifier 19 are 

50 essential for the above first conventional switching reg- 
ulator. Further, a protection circuit is also necessary 
when the h-point potential and the g-point potential are 
outside the comparable range. This means that it is dif- 
ficult to scale-down the circuit configuration of the first 

55 conventional switching regulator, and also that the cir- 
cuit configuration is conrtplicated whereby the power 
consumption is large. The efficiency of the voltage 
transformation as the power source circuit is also dete- 
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riorated. 

[0011] FIG. 4 is a circuit diagram illustrative of a 
third conventional switching regulator. The third conven- 
tional switching regulator Is of a pulse frequency modu- 
lation system wherein a potential difference between 
the reference voltage and the comparative voltage are 
compared with each other by use of a comparator, and 
an output from the comparator and an output voltage of 
a triangle waveform are inputted into a logic gate, for 
example, an AND-gate, whereby ON-OFF operations of 
a single switching transistor are made in accordance 
with an output from the logic gate, for example, the 
AND-gate. 

[001 2] Namely, the third conventional switching reg- 
ulator has the following circuit elements. A power 
source 14 is provided for supplying a reference voltage 
to the first conventional switching regulator. A compara- 
tor 1 2 is provided which has two inputs connected to an 
f-point which is connected to the power source 14 for 
receiving the reference voltage from the power source 
14 and also connected to a d-point for receiving a com- 
parative voltage, so that the comparator 12 compares 
the reference voltage from the power source 14 and the 
comparative voltage at the d-point to generate an out- 
put. An oscillator 13 is also provided for generating a 
pulse waveform. The oscillator 1 3 is connected to a b- 
polnt. An AND-gate 1 1 is also provided which has two 
inputs connected through the b-point to the oscillator 1 3 
for receiving the pulse-waveform from the oscillator 13 
and also connected through a c-point to an output from 
the comparator 12 for receiving the output from the 
comparator 1 2, so that the AND-gate 1 1 performs the 
AND-operation of the pulse from the oscillator 13 and 
the output from the comparator 1 2. A series connection 
of a coil 5 and an n-channel output switching transistor 
9 is provided between an input tenninal INI and a 
ground line, wherein the coil 5 is connected in series 
between the input terminal IN1 and the n-channel out- 
put switching transistor 9, whilst the n-channel output 
switching transistor 9 is connected in series between 
the ground line and the coil 5. A gates of the n-channel 
output swrtching transistor 9 is connected through the a- 
point to the output terminal of the AND gate 11. A k- 
polnt is a middle point between the coil 5 and the n- 
channel output switching transistor 9. A diode 6 is con- 
nected in series between the k-point and an output ter- 
minal OUT2. A load 3 is further provided which is 
connected between the output terminal OUT2 and the 
ground line, so that the load 3 is connected in series 
through the output terminal OUT2 to the diode 6, A 
capacitor 4 is also provided which is connected 
between the output tenninal OUT2 and the ground line, 
so that the capacitor 4 is connected in series through 
the diode 6 to the k-point and also connected in series 
through the output tenninal OUT2 to the load 3. A series 
connection of first and second resistances 7 and 8 is 
also connected between the ground line and a middle 
point between the diode 6 and the output terminal 



OUT2, so that the series connection of first and second 
resistances 7 and 8 is connected through the output ter- 
minal OUT2 to the load 3 and also connected through 
the diode 6 to the k-point. An intermediate point 

5 between the first and second resistances 7 and 8 is also 
connected through the d-point to the comparator 12, so 
that the intermediate point between the first and second 
resistances 7 and 8 supplies the comparative voltage to 
the comparator 12. The first resistance 7 is connected 

70 between the second resistance and the intermediate 
point between the diode 6 and the output terminal 
OUT2, whilst the second resistance 8 is connected 
between the ground line and the first resistance 7. 
[0013] A potential difference between the reference 

15 voltage supplied through the f-point from the power 
source 14 and the comparative voltage supplied from 
through the d-point from the intennediate point between 
the first and second resistances 7 and 8 are compared 
with each other by use of the comparator 12, and an 

20 output from the comparator 1 2 and an output voltage of 
the triangle waveform supplied through the b-point from 
the oscillator 13 are inputted into the logic gate, for 
example, the AND-gate 11, whereby ON-OFF opera- 
tions of the single switching transistor 9 are made in 

25 accordance with an output from the logic gate, for exam- 
ple, the AND-gate 1 1 . 

[0014] The above third conventional switching regu- 
lator is of the pulse frequency modulation system, 
where the control to the output voltage is made in 

30 accordance with the number of the pulses, for which 
reason the circuit configuration is relatively simple, and 
the efficiency of voltage transformation as the power 
source circuit is also relatively high. However, the above 
third conventional switching regulator has the following 

35 disadvantages. The control to the output voltage is not 
precise as compared to the above pulse width modula- 
tion system. This means that the output voltage has a 
relatively large ripple. 

[0015] In the above circumstances, it had been 
40 required to develop a novel switching regulator free from 
the above problem. 

[0016] Accordingly, it is an object of the present 
invention to provide a novel switching regulator free 
from the above problems. 
45 [0017] It is a further object of the present invention 
to provide a novel switching regulator capable of output- 
ting an output voltage with a reduced ripple as the pulse 
width modulation system. 

[001 8] It is a still further object of the present inven- 
50 tion to provide a novel switching regulator exhibiting an 
increased voltage transformation efficiency as the pulse 
frequency modulation system. 

[001 9] The first present invention provides a switch- 
ing regulator : a switching circuit for switching a trans- 
55 mission of an input voltage to an output terminal ; a 
control circuit connected to the switching device for 
sending a control pulse signal to the switching circuit, so 
that the switching circuit switches the transmission of 
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the input voltage on the basis of the control pulse signal 
; and a pulse width varying circuit connected to the con- 
trol circuit for varying a pulse width of the control pulse 
signal from the control circuit. 

[0020] The second present invention provides a 5 
switching regulator : a switching circuit for switching a 
transmission of an input voltage to an output terminal ; 
a control circuit connected to the switching device for 
sending a control pulse signal to the switching circuit, so 
that the switching circuit switches the transmission of w 
the input voltage on the basis of the control pulse signal, 
wherein the control circuit has a comparator having a 
first input terminal receiving a reference voltage and a 
second input terminal receiving a comparative voltage 
for comparison of the reference voltage and the com- 75 
parative voltage ; a pulse width varying circuit con- 
nected to the control circuit for varying a pulse width of 
the control pulse signal from the control circuit, wherein 
the pulse width varying circuit comprises a ripple sup- 
plying circuit connected to one of the first and second 20 
input terminals of the comparator for supplying a ripple 
to the control circuit in order to vary the pulse width of 
the control pulse signal from the control circuit, and the 
ripple supplying circuit has a RC-circuit configuration for 
generating RC-charge/discharge operations which gen- 25 
erate the ripple ; and a smoothing circuit connected 
between the switching circuit and the output terminal for 
smoothing an output from the switching circuit to send a 
smoothed output to the output terminal. 
[0021] The above and other objects, features and 30 
advantages of the present invention will be apparent 
from the following descriptions. 

[0022] Preferred embodiments according to the 
present invention will be described in detail with refer- 
ence to the accompanying drawings. 35 

FIG. 1 is a circuit diagram illustrative of a first con- 
ventional switching regulator. ...... . 

FIG. 2 is a diagram illustrative of waveforms of j- 40 
point potential, f -point potential, d- point potential 
and g-point output of the first conventional switch- 
ing regulator of FIG. 1 . 

FIG. 3 is a circuit diagram illustrative of a second 45 
conventional switching regulator. 

FIG. 4 is a circuit diagram illustrative of a third con- 
ventional switching regulator. 

50 

FIG. 5 is a circuit diagram illustrative of a first novel 
switching regulator in a first embodiment according 
to the present invention. 

FIG. 6 is a diagram illustrative of waveforms of a 55 
clock signal, f-point potential, d-point potential, p- 
point potential and a-point output of the first novel 
switching regulator of FIG. 5. 



FIG. 7 is a circuit diagram illustrative of a second 
novel switching regulator in a second embodiment 
according to the present invention. 

FIG. 8 is a circuit diagram illustrative of a second 
novel switching regulator in a second embodiment 
according to the present invention. 

FIG. 9 is a diagram illustrative of waveforms of a 
clock signal, e-point potential, d-point potential, c- 
point potential and a-point output of the third novel 
switching regulator of FIG. 8. 

[0023] The first present invention provides a switch- 
ing regulator : a switching circuit for switching a trans- 
mission of an input voltage to an output terminal ; a 
control circuit connected to the switching device for 
sending a control pulse signal to the switching circuit, so 
that the switching circuit switches the transmission of 
the input voltage on the basis of the control pulse signal 
; and a pulse width varying circuit connected to the con- 
trol circuit for varying a pulse width of the control pulse 
signal from the control circuit. 

[0024] It is preferable that the control circuit has a 
comparator having a first input terminal receiving a ref- 
erence voltage and a second input terminal receiving a 
comparative voltage for comparison of the reference 
voltage and the comparative voltage. 
[0025] It is further preferable that the pulse width 
varying circuit comprises a ripple supplying circuit con- 
nected to one of the first and second input terminals of 
the comparator for supplying a ripple to the control cir- 
cuit in order to vary the pulse width of the control pulse 
signal from the control circuit 

[0O26] It is further more preferable that the ripple 
supplying circuit comprises a RC-circuit configuration 
for generating RC-charge/discharge operations which 
generate the ripple. .... . 

[0027] It is moreover preferable that the control cir- 
cuit has a pulse oscillator connected to the ripple sup- 
plying circuit for sending clock pulses through the ripple 
supplying circuit to the one of the first and second input 
terminals of the comparator. 

[0028] It is still more preferable that the ripple sup- 
plying circuit is connected between the one of the first 
and second input terminals of the comparator and a ref- 
erence voltage supplying circuit for supplying the refer- 
ence voltage, so that the reference voltage is supplied 
through the ripple circuit to the comparator. 
[0029] It is yet more preferable that the ripple sup- 
plying circuit comprises : a series connection of first and 
second capacitors between the pulse oscillator and a 
ground line, so that an intermediate point of the first and 
second capacitors is connected to the one of the first 
and second input terminals of the comparator ; and a 
resistance connected between the reference voltage 
supplying circuit and the an intermediate point of the 
first and second capacitors. 
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[0030] It is also preferable that the ripple supplying 
circuit is connected between the one of the first and sec- 
ond input terminals of the comparator and an output 
point of a voltage dividing circuit connected to the output 
ternnlnat, so that an output signal appearing at the out- 
put terminal is fed back through the ripple supplying cir- 
cuit to the comparator. 

[0031] It is further preferable that the ripple supply- 
ing circuit comprises : a series connection of first and 
second capacitors between the pulse oscillator and a 
ground line, so that an intermediate point of the first and 
second capacitors is connected to the one of the first 
and second input terminals of the comparator ; and a 
resistance connected between the output point of the 
dividing circuit and the intermediate point of the first and 
second capacitors. 

[0032] It is also preferable that the ripple supplying 
circuit with the RC-circuit configuration has a time-con- 
stant which is in the range of 0.1 time to 3 times of a 
reciprocal of a frequency of the clock pulses from the 
pulse oscillator. 

[0033] It is also preferable that the control circuit 
has : a pulse oscillator for generating clock pulses ; and 
a logic gate having a first input terminal connected to 
the pulse oscillator and a second input terminal con- 
nected to an output of the comparator and a single out- 
put terminal connected to the switching circuit for 
sending the control pulse signal to the switching circuit 
and also connected through the ripple supplying circuit 
to the one of the first and second input terminals of the 
comparator. 

[0034] It is preferable that the ripple supplying cir- 
cuit comprises : a series connection of first and second 
capacitors between the output temninal of the logic gate 
and a ground line, so that an intermediate point of the 
first and second capacitors is connected to the one of 
the first and second input terminals of the comparator ; 
and a resistance connected between a reference volt- 
age supplying circuit for supplying the reference voltage 
and the intermediate point of the first and second 
capacitors. 

[0035] It is preferable that the logic gate comprises 
an AND-gate. 

[0036] It is preferable that the ripple supplying cir- 
cuit with the RC-circuit configuration has a time-con- 
stant which is in the range of 0.1 time to 3 times of a 
reciprocal of a frequency of the clock pulses from the 
pulse oscillator. 

[0037] It is preferable further comprising : a smooth- 
ing circuit connected between the switching circuit and 
the output terminal for smoothing an output from the 
switching circuit to send a smoothed output to the out- 
put terminal. 

FIRST EMBODiMErsTT: 

[0038] A first embodiment according to the present 
invention will be described in detail with reference to the 



drawings. FIG. 5 is a circuit diagram illustrative of a first 
novel switching regulator in a first embodiment accord- 
ing to the present invention. FIG. 6 is a diagram illustra- 
tive of wavefomis of a clock signal, f-point potential, d- 

5 point potential, p-point potential and a-point output of 
the first novel switching regulator of FIG. 6. The first 
novel switching regulator has a circuit configuration sim- 
ilar to that of the pulse frequency modulation system 
wherein no triangle waveform generator nor error-ampli- 

10 fier is provided, in place, a normal oscillator and a ripple 
supplying circuit are provided for varying a pulse width 
as in the pulse width modulation system, whereby the 
first novel switching regulator has a high voltage trans- 
formation efficiency and is capable of outputting an out- 

/5 put voltage with a reduced ripple. 

[0039] Namely, the first novel switching regulator 
has the following circuit elements. A power source 14 is 
provided for supplying a reference voltage to the first 
novel switching regulator. A comparator 12 is provided 

20 which has two inputs connected to an f-point which is 
connected to the power source 14 for receiving the ref- 
erence voltage from the power source 1 4 and also con- 
nected to a p-point for receiving a comparative voltage, 
so that the comparator 12 compares the reference volt- 

25 age from the power source 1 4 and the comparative volt- 
age at the p-point to generate an output signal. An 
output of the comparator 12 is connected to an a-point. 
An oscillator 13 is also provided for generating a pulse 
waveform. The oscillator 13 is connected to an m-point. 

30 A ripple supplying circuit is also connected in series 
between the m-point and the ground line. The ripple 
supplying circuit is also connected through the p-point 
to the one input terminal of the comparator 12. The rip- 
ple supplying circuit comprises an RC-circuit which 

35 comprises a resistance 15 and a series connection of 
first and second capacitors 16 and 17. Namely, the first 
and second capacitors 16 and 17 are connected in 
series between the m-point and the ground line. A mid- 
dle point of the first and second capacitors 1 6 and 1 7 is 

40 also connected through the p-point to the one input ter- 
minal of the comparator 12. The first capacitor 16 is 
connected through the m-point to the oscillator 13. The 
first capacitor 1 6 is thus connected between the m-point 
and the second capacitor 1 7. The second capacitor 1 7 

45 is connected between the first capacitor 16 and the 
ground line. The middle point of the first and second 
capacitors 1 6 and 1 7 is not connected to the output ter- 
minal of the comparator 12, A series connection of a p- 
channel output switching transistor 10 and an n-channel 

50 output switching transistor 9 is provided between an 
input terminal INI and the ground line, wherein the p- 
channel output switching transistor 10 is connected in 
series between the input terminal IN1 and the n-channel 
output switching transistor 9, whilst the n-channel out- 

55 put switching transistor 9 is connected in series 
between the ground line and the p-channel output 
switching transistor 10. Gates of the p-channel output 
switching transistor 10 and the n-channel output switch- 
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ing transistor 9 are connected through the a-point to the 
output terminal of the comparator 1 2. A k-point is a mid- 
dle point between the p-channel output switching tran- 
sistor 10 and the n-channel output switching transistor 
9. A coil 5 is connected in series between the k-point 
and an output temriinal OUT2. A load 3 is further pro- 
vided which is connected between the output terminal 
OUT2 and the ground line, so that the load 3 is con- 
nected in series through the output terminal OUT2 to 
the coil 5. A capacitor 4 is also provided whrch is con- 
nected between the output tenninal OUT2 and the 
ground line, so that the capacitor 4 is connected in 
series through the coil 5 to the k-point and also con- 
nected in series through the output terminal OUT2 to 
the load 3. A series connection of first and second 
resistances 7 and 8 is also connected between the 
ground fine and a middle point between the coil 5 and 
the output terminal OUT2, so that the series connection 
of first and second resistances 7 and 8 is connected 
through the output terminal OUT2 to the load 3 and also 
connected through the coil 5 to the k-point. An interme- 
diate point between the first and second resistances 7 
and 8 is also connected to a d-point. The resistance 15 
of the RC circuit serving as the ripple supplying circuit is 
connected in series between the p-point and the d- 
point. The resistance 15 is connected through the d- 
point to the middle point between the first and second 
resistances 7 and 8. The resistance 15 is also con- 
nected through the p-point to the one input terminal of 
the comparator 12. Namely, the middle point between 
the first and second resistances 7 and 8 is connected 
through the resistance 15 to the one input terminal of 
the comparator 1 2, so that the middle point between the 
first and second resistances 7 and 8 supplies a compar- 
ative voltage through the resistance 15 to the compara- 
tor 12. The first resistance 7 is connected between the 
second resistance 8 and the intermediate point 
between the cojl 5 and the output ternninal pyj2, >yhijst 
the second resistance 8 is connected between the 
ground line and the first resistance 7. 
[0040] The reference voltage supplied through the 
f-point from the power source 14 and the comparative 
voltage supplied through the p-point from the intermedi- 
ate point between the first and second resistances 7 
and 8 are compared by the comparator 12 to obtain an 
output, wherein the ripple circuit is connected to the one 
input terminal of the comparator 12 for supplying the rip- 
ple to the comparative voltage which is then inputted 
into the one input terminal of the comparator 12. The 
resistance 15 is also connected to the middle point of 
the first and second capacitors 16 and 17 of the ripple 
supplying circuit, so that the ripple supplying circuit 
shows RC charge/discharge operations for superimpos- 
ing the ripple over the comparative voltage which is then 
inputted into the one input terminal of the comparator 
12, whereby ON-OFF operations of the p-channel and 
n-channel switching transistors 10 and 9 are made in 
accordance with a result of the output from the compa- 



■ rator 1 2. The k-point as the middle point between the p- 
channel and n-channel switching transistors 10 and 9 is 
connected through the coll 5 and the capacitor 4 as a 
smoothing capacitor 4 to the output terminal OUT2 
5 which is further connected through the load 3 to the 
ground line. 

[0041] The input tenninal INI is connected to an 
externa] power source not illustrated. As described 
above, the p-channel and n-channel switching transis- 

10 tors 10 and 9 are connected in series between the input 
terminal INI and the ground line. Drains of the p-chan- 
nel and n-channel switching transistors 10 and 9 are 
connected to each other through the k-point which is 
further connected to one side of the coil 5 which accu- 

15 mulates energy. The other side of the coil 5 is also con- 
nected to both the output tenninal OUT2 and the 
something capacitor 4. The load 3 is connected 
between the output terminal OUT2 and the ground line. 
A voltage dividing circuit which comprises the series 

20 connection of the first and second resistances 7 and 8 is 
connected between the output terminal OUT2 and the 
ground line. The middle point of the first and second 
resistances 7 and 8 serves as the output point of the 
voltage dividing circuit. The output point of the voltage 

25 dividing circuit is connected through the resistance 1 5 to 
the one input terminal of the comparator 12. The output 
point of the voltage dividing circuit is also connected 
through the resistance 15 to the middle point between 
the first and second capacitors 16 and 17 of the ripple 

30 supplying circuit. 

[0042] Normally, the switching regulators are 
divided into two types, for example, the booster type 
and the voltage-down type. The above novel switching 
regulator shown in FIG. 5 is of the latter type, for exam- 

35 pie, the voltage-down switching regulator. The reference 
voltage supplied through the f-point from the power 
source 14 and the comparative voltage supplied 

. - through the p-point from the intermediate point between 
the first and second resistances 7 and 8 are compared 

4o by the comparator 12 to obtain an output, wherein the 
ripple circuit is connected to the one input terminal of 
the comparator 1 2 for supplying the ripple to the com- 
parative voltage which is then inputted into the one input 
terminal of the comparator 12. The resistance 15 is also 

45 connected to the middle point of the first and second 
capacitors 16 and 17 of the ripple supplying circuit, so 
that the ripple supplying circuit shows RC charge/dis- 
charge operations for superimposing the ripple over the 
comparative voltage which is then inputted into the one 

50 input terminal of the comparator 12, whereby ON-OFF 
operations of the p-channel and n-channel switching 
transistors 10 and 9 are made in accordance with a 
result of the output from the comparator 12 to control 
transmission of the input voltage inputted into the input 

55 terminal INI. The input voltage is then supplied to the 
coil 5 for accumulating the energy. The accumulated 
energy is then smoothed by the soothing capacitor 4, 
so that a stable direct current output voltage appears at 
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the output terminal OUT2. 

[0043] Operations of the first novel switching regu- 
lator shown in FiG. 5 will subsequently be described 
with reference to FIG. 6. As described above, the first 
novel switching regulator is of the voltage-down type 
switching regulator, for which reason an expected out- 
put voltage VI , which is expected to appear at the out- 
put ternDinal OUT2, Is lower in voltage level than the 
input voltage inputted into the input terminal IN1. If the 
actual output voltage Vout, which has actually appeared 
at the output terminal OUT2, is lower in voltage level 
than the expected output voltage VI, then the potential 
of the a-point is low level, whereby the p-channel switch- 
ing transistor 10 turns ON, whilst the n<jhannel switch- 
ing transistor 9 turns OFF The input voltage is supplied 
through the p-channel switching transistor 1 0 to the coil 
5, whereby the coil 5 increases the actual output voltage 
Vout appearing the output terminal OUT2, so that the 
actual output voltage Vout approaches the expected 
output voltage VI . If, however, the actual output voltage 
Vout, which has actually appeared at the output terminal 
OUT2, is higher in voltage level than the expected out- 
put voltage VI , then the potential of the a-point is high 
level, whereby the p-channel switching transistor 10 
turns OFF, whilst the n-channel switching transistor 9 
turns ON, whereby the coil 5 decreases the actual out- 
put voltage Vout appearing the output terminal OUT2, 
so that the actual output voltage Vout approaches the 
expected output voltage VI . 

[0044] Subsequently, the operation of the first novel 
switching regulator will be described when the actual 
output voltage Vout is made equal to the expected out- 
put voltage VI. The oscillator 13 generates the pulse, 
for example, clocks which are supplied to the m-point. 
The clocks have an oscillation frequency of 1 00 kHz. A 
capacitive ratio of the first and second capacitors 16 
and 1 7 is large. The first capacitor 1 6 has a capacitance 
of 0.2 pF. The second capacitor 17 has a capacitance of 
1 0 pR The capacitive ratio of the second capacitor 1 7 to 
the first capacitor 16 is 50. The capacitive ratio of the 
second capacitor 17 to the first capacitor 16 is so 
selected that a variation in potential level of the p-point 
upon a voltage variation of the clocks at the m-point is 
within a few mV to several tens mV. A time constant of 
the RC'Circuit comprising the resistances 7, 8 and 15 
and the capacitors 1 6 and 1 7 is so set to be in the range 
of 0.1 time to a few times of a reciprocal number (1/f) of 
the oscillation frequency "f" of the oscillator 13. 
[0045] The oscillation frequency "f" of the oscillator 
13, the individual capacitances of the first and second 
capacitors 16 and 17 and the individual resistances of 
the resistances 7. 8 and 15 are so selected as 
described above, a waveform of the p-point shown in 
FIG. 6 is obtained, wherein the waveform of the p-point 
has an amplitude of about several tens mV, for example, 
40 mV and charge/discharge curves shown in FIG. 6. 
The amplitude of the waveform of the p-point is such as 
to allow the comparator 12 to exhibit a sufficient 



response for enabling the output voltage from the com- 
parator 1 2 or the voltage of the a-point to have rise-time 
and fall-time without any delay. 

[0046] At this time, the actual output voltage Vout of 

5 the output temnina! 2 is close to the expected output 
voltage VI. Since the reference voltage of the f-point 
and the comparative voltage of the p-point are close to 
each other, a relationship of the voltage levels of the ref- 
erence voltage of the f-point and the comparative volt- 

10 age of the p-point is made inverted, whereby the output 
from the comparator 1 2 is inverted. As can be seen from 
FIG. 6, since the comparative voltage of the p-point with 
the charge/discharge curves crosses the reference volt- 
age of the f-point, the duty ratio of the output from the 

15 comparator 1 2 or the voltage of the a-point is modified 
to obtain substantially the same effect as can be 
obtained by the convention switching regulator using 
the triangle waveform shown in FIG. 1. 
[0047] Consequently, the capacitive ratio of the sec- 

20 ond capacitor 17 to the first capacitor 16 is so selected 
that a variation in potential level of the p-point upon a 
voltage variation of the clocks at the m-point is within a 
few mV to several tens mV. Further, the time constant of 
the RC-circuit comprising the resistances 7, 8 and 15 

25 and the capacitors 1 6 and 1 7 is so set to be in the range 
of 0.1 time to a few times of a reciprocal number (1/f) of 
the oscillation frequency T of the oscillator 13. Namely, 
the oscillation frequency T of the oscillator 13, the indi- 
vidual capacitances of the first and second capacitors 

30 16 and 17 and the individual resistances of the resist- 
ances 7, 8 and 15 are so selected as described above, 
the waveform of the p-point shown in FIG. 6 is obtained, 
wherein the waveform of the p-point has an amplitude of 
about several tens mV, for example, 40 mV and 

35 charge/discharge curves shown in FIG. 6. Since the ref- 
erence voltage of the f-point and the comparative volt- 
age of the p-point are close to each other, a relationship 
of the voltage levels of the reference voltage of the f- 
point and the comparative voltage of the p-point is made 

40 inverted, whereby the output from the comparator 1 2 is 
inverted. As a result, ON -OFF operations of the p-chan- 
nel and n^channel output switching transistors 10 and 9 
are controlled by the inverted output from the compara- 
tor 12, whereby the input voltage is then supplied to the 

45 coil 5 for accumulating the energy. The accumulated 
energy is then smoothed by the smoothing capacitor 4, 
so that a stable direct current output voltage appears at 
the output terminal OUT2. 

[0048] The wavefomri of the output from the compa- 
50 rator 12 or the voltage of the a-point is modified in duty 
ratio due to the fact that the comparative voltage of the 
p-polnt crosses the reference voltage of the f-point, 
thereby obtaining substantially the same effects as 
when the duty ratio is modified by use of the triangle 
55 waveform in the above described prior art. 

[0049] The actual output voltage Vout at the output 
terminal OUT2 always approaches the expected output 
voltage V1. Further, the capacitances of the first and 
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second capacitors 1 6 and 1 7 are so selected to have a 
preferable capacitive ratio for suppressing the variation 
in potential of the comparative voltage of the p-point into 
a snnall range, whereby the first novel switching regula- 
tor has almost the same circuit scale and power com- 
sumption as the pulse frequency modulation system, 
whilst the first novel switching regulator is capable of 
outputting the output voltage with a reduced ripple of 
about 1 mV as small as the pulse width modulation sys- 
tem. 

[0050] Contrary to the present invention, if the rip- 
ple supplying circuit is not provided which comprises the 
resistance 15 and the first and second capacitors 16 
and 1 7 to input the voltage of the d-point directly to the 
one input terminal of the comparator 1 2, then the actual 
output voltage Vout appearing the output terminal OUT2 
have a relatively large ripple. 

[0051] Accordingly, the ripple supplying circuit is 
essential for the first novel switching regulator. 
[0052] Consequently, as described above, since the 
comparative voltage of the p-point as the feed-back 
point with the charge/discharge curves crosses the ref- 
erence voltage of the f-point, the duty ratio of the output 
from the comparator 1 2 or the voltage of the a-point is 
modified to obtain substantially the same effect as can 
be obtained by the convention switching regulator using 
the triangle waveform shown in FIG. 1. Further, the 
actual output voltage Vout is made approach the 
expected output voltage VI , and the capacitive ratio of 
the second capacitor 17 to the first capacitor 16 is so 
selected that a variation in potential level of the p-point 
upon a voltage variation of the clocks at the m-point ts 
within a few mV to several tens mV, whereby the first 
novel switching regulator has almost the same circuit 
scale and power comsumption as the pulse frequency 
modulation system, whilst the first novel switching regu- 
lator is capable of outputting the output voltage with a 
reduced ripple.of about 1mV,as small as the pulse width 
modulation system. 

SECOND EMBODIMENT: 

[0053] A second embodiment according to the 
present invention will be described in detail with refer- 
ence to the drawings. FIG. 7 is a circuit diagram illustra- 
tive of a second novel switching regulator in a second 
embodiment according to the present invention. The 
second novel switching regulator has a circuit configura- 
tion similar to that of the pulse frequency modulation 
system wherein no triangle waveform generator nor 
en-or-amplifier is provided, in place, a normal oscillator 
and a ripple supplying circuit are provided for varying a 
pulse width as in the pulse width modulation system, 
whereby the second novel switching regulator has a 
high voltage transformation efficiency and is capable of 
outputting an output voltage with a reduced ripple. 
[0054] Namely, the second novel switching regula- 
tor has the following circuit elements. A power source 



14 is provided for supplying a reference voltage to the 
second novel switching regulator An oscillator 13 is 
also provided for generating a pulse wavefomn. The 
oscillator 13 is connected to an m-point. A ripple supply- 

5 ing circuit is also connected in series between the m- 
point and the ground line. The ripple supplying circuit is 
also connected through an e-point to the one input ter- 
minal of the comparator 12. The ripple supplying circuit 
is also connected through the f-point to the power 

10 source 14. The ripple supplying circuit comprises an 
RC-circuit which comprises a resistance 15 and a 
series connection of first and second capacitors 1 6 and 
17. Namely, the first and second capacitors 16 and 17 
are connected in series between the m-point and the 

75 ground line. A middle point of the first and second 
capacitors 16 and 17 is also connected through the e- 
point to the one input terminal of the comparator 12. 
The first capacitor 16 is connected through the m-point 
to the oscillator 13. The first capacitor 16 is thus con- 

20 nected between the m-point and the second capacitor 
17. The second capacitor 17 is connected between the 
first capacitor 1 6 and the ground line. The resistance 15 
is connected between the e-point and the f-point. The 
ripple supplying circuit is connected between the power 

25 source 1 4 and one input terminal of a comparator 1 2, so 
that the reference voltage from the power source 14 is 
supplied through the ripple supplying circuit to the one 
input terminal of the comparator 12. The comparator 12 
is connected through the ripple supplying circuit to the 

30 power source 14 and also connected to a d-point for 
receiving a comparative voltage, so that the ripple sup- 
plying circuit provides a ripple to the reference voltage 
from the power source 14. whereby the comparator 12 
compares the reference voltage with the ripple from the 

35 ripple supplying circuit and the comparative voltage at 
the d-point to generate an output signal. An output of 
the comparator 12 is connected to an a-point. A series 
connectjpn.pf a p-channel output switching transistor 10^ 
and an n-channel output switching transistor 9 is pro- 

40 vided between an input terminal IN1 and the ground 
line, wherein the p-channel output switching transistor 
10 is connected in series between the input terminal INI 
and the n-channel output switching transistor 9, whilst 
the n-channel output switching transistor 9 is connected 

45 in series between the ground line and the p-channel 
output switching transistor 10. Gates of the p-channel 
output switching transistor 10 and the n-channel output 
switching transistor 9 are connected through the a-point 
to the output terminal of the comparator 12. A k-point is 

50 a middle point between the p-channel output switching 
transistor 10 and the n-channel output switching transis- 
tor 9. A coil 5 is connected in series between the k-point 
and an output tenninal OUT2. A load 3 is further pro- 
vided which is connected between the output terminal 

55 OUT2 and the ground line, so that the load 3 is con- 
nected in series through the output terminal OUT2 to 
the coil 5. A capacitor 4 is also provided which is con- 
nected between the output terminal OUT2 and the 
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ground line, so that the capacitor 4 is connected in 
series through the coil 5 to the k-point and also con- 
nected in series through the output terminal OUT2 to 
the load 3. A series connection of first and second 
resistances 7 and 8 is also connected between the 
ground line and a middle point between the coil 5 and 
the output terminal OUT2, so that the series connection 
of first and second resistances 7 and 8 is connected 
through the output terminal OUT2 to the load 3 and also 
connected through the coil 5 to the k-point. An interme- 
diate point between the first and second resistances 7 
and 8 is also connected to the d-point. Namely, the 
intermediate point between the first and second resist- 
ances 7 and 8 is connected through the d-point to the 
other input terminal of the comparator 12 for supplying 
the comparative voltage to the comparator 12. The first 
resistance 7 is connected between the second resist- 
ance 8 and the intermediate point between the coil 5 
and the output terminal OUT2, whilst the second resist- 
ance 8 is connected between the ground line and the 
first resistance 7. 

[0055] The reference voltage with the ripple sup- 
plied through the ripple supplying circuit from the power 
source 14 and the comparative voltage supplied 
through the d-point from the intermediate point between 
the first and second resistances 7 and 8 are compared 
by the comparator 12 to obtain an output, wherein the 
ripple circuit is connected to the one input terminal of 
the comparator 12 for supplying the ripple to the refer- 
ence voltage which is then inputted into the one input 
terminal of the comparator 12. The resistance 15 is also 
connected to the power source 14, so that the ripple 
supplying circuit shows RC charge/discharge opera- 
tions for superimposing the ripple over the reference 
voltage which is then inputted into the one input terminal 
of the comparator 12, whereby ON-OFF operations of 
the p-channel and n-channel switching transistors 10 
and 9 are made in accordance with a result of the output 
from the comparator 12. The k-point as the middle point 
between the p-channel and n-channei switching transis- 
tors 1 0 and 9 is connected through the coil 5 and the 
capacitor 4 as a smoothing capacitor 4 to the output ter- 
minal OUT2 which is further connected through the load 
3 to the ground line. 

[0056] The input terminal IN1 is connected to an 
external power source not illustrated. As described 
above, the p-channel and n-channel switching transis- 
tors 1 0 and 9 are connected in series between the input 
terminal INI and the ground line. Drains of the p-chan- 
nel and n-channel switching transistors 10 and 9 are 
connected to each other through the k-point which is 
further connected to one side of the coil 5 which accu- 
mulates energy. The other side of the coil 5 is also con- 
nected to both the output terminal OUT2 and the 
something capacitor 4. The load 3 is connected 
between the output terminal OUT2 and the ground line. 
A voltage dividing circuit which comprises the series 
connection of the first and second resistances 7 and 8 is 



connected between the output terminal OUT2 and the 
ground line. The middle point of the first and second 
resistances 7 and 8 serves as the output point of the 
voltage dividing circuit. The output point of the voltage 

5 dividing circuit Is connected through the d-point to the 
one input terminal of the comparator 12. 
[0057] Nomially, the switching regulators are 
divided into two types, for example, the booster type 
and the voltage-down type. The above novel switching 

10 regulator shown In FIG. 7 is of the latter type, for exam- 
ple, the voltage-down switching regulator. The reference 
voltage supplied through the ripple supplying circuit 
from the power source 14 and the comparative voltage 
supplied through the d-point from the intermediate point 

15 between the first and second resistances 7 and 8 of the 
voltage dividing circuit are compared by the comparator 
12 to obtain an output, wherein the ripple circuit is con- 
nected to the one input terminal of the comparator 1 2 for 
supplying the ripple to the reference voltage which is 

20 then inputted into the one input terminal of the compa- 
rator 1 2. The resistance 1 5 is also connected to the mid- 
dle point of the first and second capacitors 16 and 17 of 
the ripple supplying circuit, so that the ripple supplying 
circuit shows RC charge/discharge operations for 

25 superimposing the ripple over the reference voltage 
which is then inputted into the one input terminal of the 
comparator 12, whereby ON-OFF operations of the p- 
channel and n-channel switching transistors 10 and 9 
are made in accordance with a result of the output from 

30 the comparator 12 to control transmission of the input 
voltage inputted into the input terminal INI. The input 
voltage is then supplied to the coil 5 for accumulating 
the energy. The accumulated energy is then smoothed 
by the smoothing capacitor 4, so that a stable direct cur- 

35 rent output voltage appears at the output terminal 
OUT2. 

[0058] Operations of the second novel switching 
regulator shown in FIG. 7 is basically the same as of the 
first novel switching regulator described above in the 

40 first embodiment. As described above, the second novel 
switching regulator is of the voltage-down type switch- 
ing regulator, for which reason an expected output volt- 
age VI, which is expected to appear at the output 
terminal OUT2, is tower in voltage level than the input 

45 voltage inputted into the input terminal IN1 . If the actual 
output voltage Vout, which has actually appeared at the 
output terminal OUT2, is lower in voltage level than the 
expected output voltage V1 . then the potential of the a- 
point is low level, whereby the p-channel switching tran- 

50 sistor 10 turns ON, whilst the n-channel switching tran- 
sistor 9 turns OFF The input voltage is supplied through 
the p-channel switching transistor 10 to the coil 5. 
whereby the coil 5 increases the actual output voltage 
Vout appearing the output terminal OUT2, so that the 

55 actual output voltage Vout approaches the expected 
output voltage VI. if, however, the actual output voltage 
Vout, which has actually appeared at the output terminal 
OUT2, Is higher in voltage level than the expected out- 
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put voltage V1. then the potential of the a-point is high 
level, whereby the p-channel switching transistor 10 
turns OFF, whilst the n-channel switching transistor 9 
turns ON, whereby the coil 5 decreases the actual out- 
put voltage Vout appearing the output terminal OUT2, 5 
so that the actual output voltage Vout approaches the 
expected output voltage VI . 

[0059] Subsequently, the operation of the second 
novel switching regulator will be described when the 
actual output voltage Vout is made equal to the 10 
expected output voltage VI. The oscillator 13 generates 
the pulse, for example, clocks which are supplied to the 
m-point. The clocks have a predetermined oscillation 
frequency. A capacitive ratio of the first and second 
capacitors 1 6 and 1 7 is large. The capacitive ratio of the is 
second capacitor 1 7 to the first capacitor 16 is so 
selected that a variation in potential level of the e-point 
upon a voltage variation of the clocks at the m-point is 
within a predetermined small range. 

[0060] The oscillation frequency "f" of the oscillator 20 
13, the individual capacitances of the first and second 
capacitors 16 and 17 and the resistance of the resist- 
ance 1 5 are so selected as described above, a wave- 
form of the e-point has such an amplitude as to allow 
the comparator 12 to exhibit a sufficient response for 25 
enabling the output voltage from the comparator 12 or 
the voltage of the a-point to have rise-time and fall-time 
without any delay 

[0061 ] At this time, the actual output voltage Vout of 

the output terminal 2 is close to the expected output 30 
voltage VI . Since the reference voltage with the ripple 
of the e-point and the comparative voltage of the d-point 
are close to each other, a relationship of the voltage lev- 
els of the reference voltage of the e-point and the com- 
parative voltage of the d-point is made inverted. 35 
whereby the output from the comparator 12 is inverted. 
Since the reference voltage of the e-point with the 
charge/discharge curves crosses the comparative volt- . 
age of the d-point, the duty ratio of the output from the 
comparator 12 or the voltage of the a-point is modified 40 
to obtain substantially the same effect as can be 
obtained by the convention switching regulator using 
the triangle waveform shown in FIG. 1 . 
[0062] Consequently, the capacitive ratio of the sec- 
ond capacitor 17 to the first capacitor 16 is so selected 45 
that a variation in potential level of the e-point upon a 
voltage variation of the clocks at the m-point is within the 
predetermined range. Since the reference voltage of the 
e-point and the comparative voltage of the d-point are 
close to each other, a relationship of the voltage levels so 
of the reference voltage of the e-point and the compara- 
tive voltage of the d-point is made inverted, whereby the 
output from the comparator 1 2 is inverted. As a result, 
ON-OFF operations of the p-channel and n-channel 
output switching transistors 10 and 9 are controlled by 55 
the inverted output from the comparator 12, whereby 
the input voltage is then supplied to the coil 5 for accu- 
mulating the energy. The accumulated energy is then 



smoothed by the smoothing capacitor 4. so that a stable 
direct current output voltage appears at the output ter- 
minal OUT2. 

[0063] The waveform of the output from the compa- 
rator 12 or the voltage of the a-point is modified in duty 
ratio due to the fact that the comparative voltage of the 
d-point crosses the reference voltage of the e-point, 
thereby obtaining substantially the same effects as 
when the duty ratio is modified by use of the triangle 
waveform in the above described prior art. 
[0064] The actual output voltage Vout at the output 
terminal OUT2 always approaches the expected output 
voltage VI. Further, the capacitances of the first and 
second capacitors 16 and 17 are so selected to have a 
preferable capacitive ratio for suppressing the variation 
in potential of the reference voltage of the e-point into a 
small range, whereby the second novel switching regu- 
lator has almost the same circuit scale and power com- 
sumption as the pulse frequency modulation system, 
whilst the second novel switching regulator is capable of 
outputting the output voltage with a reduced ripple as 
small as the pulse width modulation system. 
[0065] Contrary to the present invention, if the rip- 
ple supplying circuit is not provided which comprises the 
resistance 15 and the first and second capacitors 16 
and 1 7 to input the voltage of the f-point directly to the 
one input terminal of the comparator 12, then the actual 
output voltage Vout appearing the output terminal OUT2 
have a relatively large ripple. Accordingly, the ripple 
supplying circuit is essential for the second novel 
switching regulator. 

[0066] Consequently, as described above, since the 
reference voltage of the e-point with the charge/dis- 
charge curves crosses the comparative voltage of the d- 
point, the duty ratio of the output from the comparator 
1 2 or the voltage of the a-point is modified to obtain sub- 
stantially the same effect as can be obtained by the con- 
vention switching regulator using the triangle waveform, . ^ 
shown in FIG. 1. Further, the actual output voltage Vout 
is made approach the expected output voltage VI , and 
the capacitive ratio of the second capacitor 17 to the 
first capacitor 1 6 is so selected that a variation in poten- 
tial level of the e-point upon a voltage variation of the 
clocks at the m-point is within the predetermined range, 
whereby the second novel switching regulator has 
almost the same circuit scale and power comsumption 
as the pulse frequency modulation system, whilst the 
second novel switching regulator is capable of output- 
ting the output voltage with a reduced ripple as small as 
the pulse width modulation system. 

THIRD EMBO DIMENT: 

[0067] A third embodiment according to the present 
invention will be described in detail with reference to the 
drawings. FIG. 8 is a circuit diagram illustrative of a sec- 
ond novel switching regulator in a second embodiment 
according to the present invention. FIG. 9 is a diagram 
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illustrative of waveforms of a clock signal, e-point poten- 
tial, d-point potential, c-point potential and a-point out- 
put of the third novel switching regulator of FIG. 8. The 
third novel switching regulator has a circuit configuration 
similar to that of the pulse frequency modulation system 
wherein no triangle waveform generator nor error-ampli- 
fier is provided, in place, a normal oscillator and a ripple 
supplying circuit are provided for varying a pulse width 
as in the pulse width modulation system, whereby the 
third novel switching regulator has, a high voltage trans- 
formation efficiency and is capable of outputting an out- 
put voltage with a reduced ripple. 

[0068] Namely, the third novel switching regulator 
has the following circuit elements. A power source 1 4 is 
provided for supplying a reference voltage to the third 
novel switching regulator. An oscillator 13 Is also pro- 
vided for generating a pulse waveform. The oscillator 13 
is connected to a b-point A ripple supplying circuit is 
also connected in series between an a-point and the 
ground line. The ripple supplying circuit is also con- 
nected through an e-point to the one input terminal of 
the comparator 12. The ripple supplying circuit is also 
connected through the f-point to the power source 14. 
The ripple supplying circuit comprises an RC-circuit 
which comprises a resistance 15 and a series connec- 
tion of first and second capacitors 16 and 17. Namely, 
the first and second capacitors 1 6 and 1 7 are connected 
in series between the a-point and the ground line. A 
middle point of the first and second capacitors 1 6 and 
1 7 is also connected through the e-point to the one input 
terminal of the comparator 12. The first capacitor 16 is 
connected to the a-point. The first capacitor 16 is thus 
connected between the a-point and the second capaci- 
tor 17. The second capacitor 17 is connected between 
the first capacitor 16 and the ground line. The resist- 
ance 15 is connected between the e-point and the f- 
polnt. The ripple supplying circuit is connected between 
the power source 14 and one input terminal of the com- 
parator 1 2, so that the reference voltage from the power 
source 14 Is supplied through the ripple supplying cir- 
cuit to the one input terminal of the comparator 12. The 
comparator 12 is connected through the ripple supply- 
ing circuit to the power source 14 and also connected to 
a d-point for receiving a comparative voltage, so that the 
ripple supplying circuit provides a ripple to the reference 
voltage from the power source 14, whereby the compa- 
rator 12 compares the reference voltage with the ripple 
from the ripple supplying circuit and the comparative 
voltage at the d-point to generate an output signal. An 
output of the comparator 12 is connected to a c-point. A 
logic gate, for example, an AND-gate 11 is provided 
which has two inputs and one output. One input of the 
AND-gate 1 1 is connected through the c-point to the 
output terminal of the comparator 12 for receiving the 
output from the comparator 1 2. Other input of the AND- 
gate 1 1 is also connected through the b-point to the 
oscillator 13 for receiving the clocks from the oscillator 
13. The output terminal of the AND-gate is connected 



through the a-point to the first capacitor 16 of the ripple 
supplying circuit. Namely, the output from the AND-gate 

1 1 is fed back through the ripple supplying circuit to the 
other input of the comparator 1 2. A series connection of 

5 a coil 5 and an n-channel output switching transistor 9 is 
provided between an input terminal INI and the ground 
line, wherein the coil 5 is connected in series between 
the input terminal INI and the n-channel output switch- 
ing transistor 9, whilst the n-channel output switching 

70 transistor 9 is connected in series between the ground 
line and the coil 5. A gate of the n-channel output 
switching transistor 9 is connected through the a-point 
to the output terminal of the AND-gate 1 1 . A k-point is a 
middle point between the coil 5 and the n-channel out- 

75 put switching transistor 9. A diode 6 is connected in 
series between the k-point and an output terminal 
OUT2. A load 3 is further provided which is connected 
between the output terminal OUT2 and the ground line, 
so that the load 3 is connected in series through the out- 

20 put terminal 0UT2 to the diode 6. A capacitor 4 is also 
provided which is connected between the output termi- 
nal OUT2 and the ground line, so that the capacitor 4 is 
connected in series through the diode 6 to the k-point 
and also connected in series through the output termi- 

25 nal OUT2 to the load 3. A series connection of first and 
second resistances 7 and 8 is also connected between 
the ground line and a middle point between the diode 6 
and the output terminal OUT2, so that the series con- 
nection of first and second resistances 7 and 8 is con- 

30 nected through the output temiinal OUT2 to the load 3 
and also connected through the diode 6 to the k-point. 
An intermediate point between the first and second 
resistances 7 and 8 is also connected through the d- 
point Namely, the intermediate point between the first 

35 and second resistances 7 and 8 is connected through 
the d-point to the other input terminal of the comparator 

12 for supplying the comparative voltage to the compa- 
rator 12. The first resistance 7 is connected between the 
second resistance 8 and the intermediate point 

40 between the diode 6 and the output terminal OUT2, 
whilst the second resistance 8 is connected between 
the ground line and the first resistance 7. 
[0069] The output from the AND-gate 1 1 or the volt- 
age at the a-point is fed back through the ripple supply- 

45 ing circuit to the comparator 12. The ripple is given on 
the basis of the output from the AND-gate 1 1 . The refer- 
ence voltage with the ripple supplied from the power 
source 14 through the ripple supplying circuit and the 
comparative voltage supplied through the d-point from 

50 the intermediate point between the first and second 
resistances 7 and 8 are compared by the comparator 12 
to obtain an output, wherein the ripple circuit is con- 
nected to the one input terminal of the comparator 12 for 
generating the ripple on the basis of the output from the 

55 AND-gate 1 1 and then supply the ripple to the reference 
voltage which is then inputted into the one input terminal 
of the comparator 12. The resistance 15 is also con- 
nected to the power source 14, so that the ripple supply- 
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ing circuit shows RC charge/discharge operations for 
superimposing the ripple over the reference voltage 
which is then inputted into the one input terminal of the 
comparator 12, whereby ON-OFF operations of the n- 
channel switching transistor 9 are made in accordance 5 
with a result of the output from the AND-gate 1 1 . The k- 
point as the middle point between the coil 5 and the n- 
channel switching transistor 9 is connected through the 
diode 6 and the capacitor 4 as a smoothing capacitor 4 
to the output terminal OUT2 which is further connected 70 
through the load 3 to the ground line. 
[0070] The input terminal INI is connected to an 
external power source not illustrated. As described 
above, the coil 5 and the n-channel switching transistor 
9 are connected in series between the input terminal 15 
IN1 and the ground line. A drain of the n-channel switch- 
ing transistor 9 is connected to through the k-point to 
one side of the diode 6 which accumulates energy. The 
other side of the diode 6 is also connected to both the 
output terminal OUT2 and the something capacitor 4. 20 
The load 3 is connected between the output terminal 
OUT2 and the ground line. A voltage dividing circuit 
which comprises the series connection of the first and 
second resistances 7 and 8 is connected between the 
output terminal OUT2 and the ground line. The middle 25 
point of the first and second resistances 7 and 8 serves 
as the output point of the voltage dividing circuit. The 
output point of the voltage dividing circuit is connected 
through the d-point to the one input terminal of the com- 
parator 12. 30 
[0071] Normally, the switching regulators are 
divided into two types, for example, the booster type 
and the voltage-down type. The above novel switching 
regulator shown in FIG. 8 is of the former type, for 
example, the booster type switching regulator. The ref- 35 
erence voltage supplied through the ripple supplying cir- 
cuit from the power source 14 and the comparative 
voltage.suppiied through the d-point from the Intemnedi- > 
ate point between the first and second resistances 7 
and 8 of the voltage dividing circuit are compared by the 40 
comparator 12 to obtain an output, wherein the ripple 
circuit is connected to the one input terminal of the com- 
parator 12 for supplying the ripple to the reference volt- 
age which is then inputted into the one input terminal of 
the comparator 12. The resistance 16 is also connected 45 
to the middle point of the first and second capacitors 1 6 
and 1 7 of the ripple supplying circuit, so that the ripple 
supplying circuit shows RC charge/discharge opera- 
tions for superimposing the ripple over the reference 
voltage which is then inputted into the one input terminal so 
of the comparator 12. Further, the AND-gate 11 
receives the clocks from the oscillator 1 3 and the output 
from the comparator 12, whereby ON-OFF operations 
of the n-channel switching transistor 9 are made in 
accordance with a result of the output from the AND- 55 
gate 11 to control transmission of the input voltage 
inputted into the input terminal INI . The input voltage is 
then supplied to the diode 6 for accumulating the 



energy. The accumulated energy is then smoothed by 
the smoothing capacitor 4, so that a stable direct current 
output voltage appears at the output terminal OUT2. . 
[0072] Operations of the third novel switching regu- 
lator shown in FIG. 8 is will be described. As described 
above, the third novel switching regulator is of the 
booster type switching regulator, for which reason an 
expected output voltage VI, which is expected to 
appear at the output terminal OUT2. is lower in voltage 
level than the input voltage inputted into the input termi- 
nal IN1. If the actual output voltage Vout, which has 
actually appeared at the output terminal OUT2. is lower 
in voltage level than the expected output voltage VI, 
then the potential of the a-point is low level, whereby the 
n-channel switching transistor 9 turns OFF. The input 
voltage is supplied through the coil 5 to the diode 6, 
whereby the diode 6 increases the actual output voltage 
Vout appearing the output terminal OUT2, so that the 
actual output voltage Vout approaches the expected 
output voltage VI . If, however, the actual output voltage 
Vout, which has actually appeared at the output terminal 
OUT2, is higher in voltage level than the expected out- 
put voltage V1 , then the potential of the a-point is high 
level, whereby the n-channel switching transistor 9 turns 
ON, whereby the diode 6 prevents the voltage drop of 
the actual output voltage Vout appearing the output ter- 
minal OUT2. 

[0073] Subsequently, the operation of the third 
novel switching regulator will be described when the 
actual output voltage Vout is made equal to the 
expected output voltage VI . The oscillator 1 3 generates 
the pulse, for example, clocks which are supplied to the 
b-point. The clocks have a predetermined oscillation 
frequency. A capacitive ratio of the first and second 
capacitors 1 6 and 1 7 is large. The capacitive ratio of the 
second capacitor 17 to the first capacitor 16 is so 
selected that a variation in potential level of the e-point 
upon a voltage variation of the voltage at the a-point or 
the output from the AND-gate 1 1 is within a predeter- 
mined small range. 

[0074] The oscillation frequency "f" of the oscillator 
13, the individual capacitances of the first and second 
capacitors 1 6 and 1 7 and the resistance of the resist- 
ance 15 are so selected as described above, a wave- 
form of the e-point has such an amplitude as to allow 
the comparator 12 to exhibit a sufficient response for 
enabling the output voltage from the comparator 12 or 
the voltage of the c-point to have rise-time and fall-time 
without any delay. 

[0075] At this time, the actual output voltage Vout of 
the output terminal 2 is close to the expected output 
voltage VI. Since the reference voltage with the ripple 
of the e-point and the conrparative voltage of the d-point 
are close to each other, a relationship of the voltage lev- 
els of the reference voltage of the e-point and the com- 
parative voltage of the d-point is made inverted, 
whereby the output from the comparator 12 is inverted 
and thus the output from the AND-gate 11 Is also 
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inverted. Since the reference voltage of the e-point with 
the charge/discharge curves crosses the comparative 
voltage of the d-point, the duty ratio of the output from 
the comparator 12 or the voltage of the c-point is modi- 
fied to obtain substantially the same effect as can be 5 
obtained by the convention switching regulator using 
the triangle waveform shown in FIG. 1. Therefore, the 
duty ratio of the output from the AND-gate 1 1 or the volt- 
age of the a-point is also modified to obtain substantially 
the same effect as can be obtained by the convention 70 
switching regulator using the triangle wavefonn shown 
in FIG. 1. 

[0076] Consequently, the capacitive ratio of the sec- 
ond capacitor 17 to the first capacitor 16 is so selected 
that a variation in potential level of the e-point upon a 15 
voltage variation of the clocks at the m -point is within the 
predetermined range. Since the reference voltage of the 
e-point and the comparative voltage of the d-point are 
close to each other, a relationship of the voltage levels 
of the reference voltage of the e-point and the compara- 20 
five voltage of the d-point is made inverted, whereby the 
output from the comparator 12 is inverted. As a result, 
ON-OFF operations of the n-channel output switching 
transistor 9 are controlled by the inverted output from 
the AND-gate 1 1 , whereby the input voltage is then sup- 25 
plied through the coil 5 to the diode 6 for accumulating 
the energy. The accumulated energy is then smoothed 
by the smoothing capacitor 4, so that a stable direct cur- 
rent output voltage appears at the output tenminal 
OUT2. 30 
[0077] The waveform of the output from the compa- 
rator 1 2 or the voltage of the c-point is modified in duty 
ratio due to the fact that the comparative voltage of the 
d-point crosses the reference voltage of the e-point. The 
waveform of the output from the AND-gate 1 1 or the 35 
voltage of the a-point is also modified in duty ratio due 
to the fact that the comparative voltage of the d-point 
crosses the reference voltage of the e-point, thereby 
obtaining substantially the same effects as when the 
duty ratio is modified by use of the triangle waveform in 40 
the above described prior art. 

[0078] The actual output voltage Vout at the output 
terminal OUT2 always approaches the expected output 
voltage VI. Further, the capacitances of the first and 
second capacitors 16 and 17 are so selected to have a 4S 
preferable capacitive ratio for suppressing the variation 
in potential of the reference voltage of the e-point into a 
small range, whereby the third novel switching regulator 
has almost the same circuit scale and power comsump- 
tion as the pulse frequency modulation system, whilst 50 
the third novel switching regulator is capable of output- 
ting the output voltage with a reduced ripple as small as 
the pulse width modulation system. 
[0079] Contrary to the present invention, if the rip- 
ple supplying circuit is not provided which comprises the 55 
resistance 15 and the first and second capacitors 16 
and 1 7 to input the voltage of the f-point directly to the 
one input terminal of the comparator 12, then the actual 



output voltage Vout appearing the output terminal OUT2 
have a relatively large ripple. Accordingly, the ripple 
supplying circuit is essential for the third novel switching 
regulator. 

[0080] Consequently, as described above, since the 
reference voltage of the e-point with the charge/dis- 
charge curves crosses the comparative voltage of the d- 
polnt, the duty ratio of the output from the comparator 
1 2 and the duty ratio of the output from the AND-gate 1 1 
are modified to obtain substantially the same effect as 
can be obtained by the convention switching regulator 
using the triangle waveform shown in FIG. 1. Further, 
the actual output voltage Vout is made approach the 
expected output voltage VI , and the capacitive ratio of 
the second capacitor 17 to the first capacitor 18 is so 
selected that a variation in potential level of the e-point 
upon a voltage variation of the clocks at the b-point is 
within the predetermined range, whereby the third novel - 
switching regulator has almost the same circuit scale 
and power comsumption as the pulse frequency modu- 
lation system, whilst the third novel switching regulator 
is capable of outputting the output voltage with a 
reduced ripple as small as the pulse width modulation 
system. 

[0081] Whereas modifications of the present inven- 
tion will be apparent to a person having ordinary skill in 
the art, to which the invention pertains, it is to be under- 
stood that embodiments as shown and described by 
way of illustrations are by no means intended to be con- 
sidered in a limiting sense. Accordingly, it is to be 
intended to cover by claims all modifications which fall 
within the spirit and scope of the present invention. 

Claims 

1 . A switching regulator : 

a switching circuit for switching a transmission 
of an input voltage to an output terminal ; and 
a control circuit connected to said switching 
device for sending a control pulse signal to said 
switching circuit, so that said switching circuit 
switches said transmission of said input voltage 
on the basis of said control pulse signal, 
characterized in that said switching regulator 
further comprises a pulse width varying circuit 
connected to said control circuit for varying a 
pulse width of said control pulse signal from 
said control circuit. 

2. The switching regulator as claimed in claim 1 , char- 
acterized in that said control circuit has a compara- 
tor having a first input terminal receiving a 
reference voltage and a second input terminal 
receiving a comparative voltage for comparison of 
said reference voltage and said comparative volt- 
age. ' 
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3- The switching regulator as claimed in claim 2, char- 
acterized in that said pulse width varying circuit 
comprises a ripple supplying circuit connected to 
one of said first and second input terminals of said 
comparator for supplying a ripple to said control cir- 5 
cuit in order to vary said pulse width of said control 
pulse signal from said control circuit 

4. The switching regulator as claimed in claim 3, char- 
acterized in that said ripple supplying circuit com- 10 
prises a RC-circuit configuration for generating RC- 
charge/discharge operations which generate said 
ripple. 

5. The switching regulator as claimed in claim 4, char- 15 
acterized in that said control circuit has a pulse 
oscillator connected to said ripple supplying circuit 

for sending clock pulses through said ripple supply- 
ing circuit to said one of said first and second input 
terminals of said comparator. 20 

6. The switching regulator as claimed in claim 5, char- 
acterized in that said ripple supplying circuit is con- 
nected between said one of said first and second 
input terminals of said comparator and a reference 25 
voltage supplying circuit for supplying said refer- 
ence voltage, so that said reference voltage is sup- 
plied through said ripple circuit to said comparator. 

7. The switching regulator as claimed in claim 6, char- 30 
acterized in that said ripple supplying circuit com- 
prises : 



8. The switching regulator as claimed in claim 5, char- 45 
acterized in that said ripple supplying circuit is con- 
nected between said one of said first and second 
input terminals of said comparator and an output 
point of a voltage dividing circuit connected to said 
output terminal, so that an output signal appearing so 
at said output terminal is fed back through said rip- 
ple supplying circuit to said comparator. 

9. The switching regulator as claimed in claim 8. char- 
acterized in that said ripple supplying circuit com- 55 
prises : 

a series connection of first and second capaci- 



tors between said pulse oscillator and a ground 
line, so that an intermediate point of said first 
and second capacitors Is connected to said 
one of said first and second input terminals of 
said comparator ; and 

a resistance connected between said output 
point of said dividing circuit and said intermedi- 
ate point of said first and second capacitors. 

10- The switching regulator as claimed in claim 5, char- 
acterized in that said ripple supplying circuit with 
said RC-circuit configuration has a time-constant 
which is in the range of 0.1 time to 3 times of a 
reciprocal of a frequency of said clock pulses from 
said pulse oscillator. 

11. The switching regulator as claimed in claim 4» char- 
acterized in that said control circuit has : 

a pulse oscillator for generating clock pulses ; 
and 

a logic gate having a first input terminal con- 
nected to said pulse oscillator and a second 
input terminal connected to an output of said 
comparator and a single output terminal con- 
nected to said switching circuit for sending said 
control pulse signal to said switching circuit and 
also connected through said ripple supplying 
circuit to said one of said first and second input 
terminals of said comparator. 

12. The switching regulator as claimed in claim 11, 
characterized in that said ripple supplying circuit 

comprises : 

a series connection of first and second capaci- 
tors between said output terminal of said logic 
gate and a ground line, so that an intermediate 
point of said first and second capacitors is con- 
nected to said one of said first and second 
input terminals of said comparator ; and 
a resistance connected between a reference 
voltage supplying circuit for supplying said ref- 
erence voltage and said intermediate point of 
said first and second capacitors. 

13. The switching regulator as claimed in claim 12, 
characterized in that said logic gate comprises an 
AND-gate. 

14. The switching regulator as claimed in claim 11, 
characterized in that said ripple supplying circuit 
with said RC-circuit configuration has a time-con- 
stant which is in the range of 0.1 time to 3 times of 
a reciprocal of a frequency of said clock pulses from 
said pulse oscillator. 

15. The switching regulator as claimed in claim 1. fur- 
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a series connection of first and second capaci- 
tors between said pulse oscillator and a ground 35 
line, so that an intermediate point of said first 
and second capacitors is connected to said 
one of said first and second input terminals of 
said comparator ; and 

a resistance connected between said refer- 40 
ence voltage supplying circuit and said an 
intermediate point of said first and second 
capacitors. 
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ther comprising : 

a smoothing circuit connected between said 
switching circuit and said output terminal for 
smoothing an output from said switching circuit 5 
to send a smoothed output to said output termi- 
nal. 
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FIG. 1 prior art 
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FIG. 2 prior art 
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FIG. 3 prior art 
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